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(54) CLAD METALLIC MOLD FOR HOT PRESSING AND MANUFACTURE THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the high temp, softening resistance and the wear 
resistance of a matellic mold and to enable use as HIP(hot isostatic pressing) state by using a 
cobalt base alloy or a nickel base alloy excellent in high temp, softening resistance and wear 
resistance on an engraving surface material of the metallic mold and specifying the 
component composition of a tool steel as the base material. 

SOLUTION: The portion for mold engraving surface of the metallic mold is made of Co base 
alloy or Ni base alloy and a melting or powder-made hot tool steel composed, by wt.%, of 0.1- 
0.55 C, <1.2 Si, 0.3-2.0 Mn, 0.3-2.0 Ni, 1.0-4.0 Cr and 0.2-3.0 Mo and/or 0.4-6.0 W (0.2-3.0 
1/2 W+Mo) and further, 0.05-0.7 V and/or 0.01-0.15 Nb, and if necessary, 0.2-3.0 Co and the 
balance Fe, is used as the metallic mold base material, and the mold engraving surface 
material and the base material are clad with the HIP treatment. The metallic mold is improved 
in service life and has good machinability as the HIP finished state as it is. 
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[Claim(s)] 

[Claim 1] The part used as the die face of metal mold is used as a cobalt base alloy or a nickel radical 
alloy. By weight % C:0.1 - 0.55%, less than [ Si:L2% ], Mn:0.3-2.0%, nickel: 0.3-2.0%, Cr: 1.0-4.0% 
and Mo:0.2-3.0%, and W:0.4 - 6.0% of one sort, or two sorts or more (Mo and W) 1/2 W-i-Mo:0.2-3.0% 
is contained. Further V:0.05 - 0.7%, Contain one Nb:0.01-0.15% sort or two sorts or more, and ingot 
which consists of the remainder Fe and an unescapable impurity, or tool steel between the heat made 
from powder is used as a metal mold base material. Clad metal mold for hot pressing characterized by 
clad-izing these engraving facing and a base material by HIP (hot isotropic press), and using it in the 
condition [ having carried out HIP processing ]. 

[Claim 2] The part used as the die face of metal mold is used as a cobalt base alloy or a nickel radical 
alloy. By weight % C:0.1 - 0.55%, less than [ Si:1.2% ], Mn:0.3-2.0%, nickel: 0.3-2.0%, Cr:1.0-4.0% 
and Mo:0.2-3.0%, and W:0.4 - 6.0% of one sort, or two sorts or more (Mo and W) 1/2 W+Mo:0.2-3.0% 
is contained. Further One sort or two sorts or more (V:0.05 - 0.7%, and Nb:0.01-0.15%), Contain 
Co:0.2-3.0% and ingot which consists of the remainder Fe and an unescapable impurity, or tool steel 
between the heat made from powder is used as a metal mold base material. Clad metal mold for hot 
pressing characterized by using this in the condition [ that clad-ize a engraving facing and a base 
material by HIP (hot isotropic press), and they have carried out HIP processing ]. 
[Claim 3] It is the manufacture approach of the clad metal mold for hot pressing which a engraving 
facing carries out to the surface part of metal mold, i.e., the part in which damage by wear is equivalent 
to an intense part, and is characterized by designing the thickness of a engraving facing so that the 
interior, i.e., the crevice of metal mold, may serve as a base material part from it in case the clad of a 
engraving facing and a base material according to claim 1 or 2 is carried out. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the clad metal mold for hot pressing which aimed at 

improvement in a die service life, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In order to raise the life of the metal mold for hot pressing conventionally, 
the quality-of-the-material improvement of the elevated-temperature-proof softening resistance, the 
wear-resistant improvement, etc. in the tool steel for metal mold for hot pressing is made. Although the 
life of metal mold is improving about 50% by max 10 to 20% by such improvement, however since in 
the tool steel used for the metal mold for hot pressing the front face carries out a temperature up to the 
elevated temperature which is 600-650 degrees C by contact to a non-forging (billet) and the damage on 
wear by heating softening etc. arises, the actual condition cannot expect the fast improvement in a life. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the metal mold which carried out build-up welding 
of the building-up material excellent in elevated-temperature-proof softening resistance and abrasion 
resistance is developed as shown in JP,6-23448,A in order to control the metal mold wear mentioned 
above for example, since it is easy to produce a weld flaw, and build-up welding will tend to produce 
weld cracking if the multilayer peak is carried out, it may necessarily raise a die service life with the 
metal mold which carried out build-up welding. Moreover, diffused junction of a nickel radical or the 
cobalt base alloy is carried out by HIP on the surface of tool steel, metal mold is presented by making a 
nickel radical or a cobalt base alloy into a die face, and it is indicated to the tool steel mentioned as the 
example that SKT4, SKD61, SKD62, or the amelioration material of those of JIS is used as shown in 
JP,5-269538,A. 

[0004] However, since Cr content is high at SKD61 and SKD62, hardenability cannot be good, cannot 
serve as hardness of 45 or more HRCs in annealing by HIP processing, and cannot use it in the condition 
[ that workability continues being HIP processing bad ]. In this example, hardening temper has been 
performed, and in order to require reheat processing, it is actually inferior to economical efficiency. 
Using the cobalt base alloy or nickel radical alloy which was made in order that this invention might 
solve the above-mentioned technical problem, and was excellent in elevated-temperature-proof 
softening resistance and abrasion resistance at the engraving facing, as [ HIP ], so that use in the 
condition may be possible designing the component of the tool steel used as a base material the optimal 
- hot pressing - public fimds - it aims at offering the clad metal mold for hot pressing which can aim at 
the elevated-temperature-proof softening resistance of a mold, and wear-resistant improvement, and can 
aim at improvement in a life of metal mold, and its manufacture approach. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the clad metal mold 
for hot pressing which is this invention, and its manufacture approach (1) The part used as the die face 
of metal mold is used as a cobalt base alloy or a nickel radical alloy. By weight % C:0.1 - 0.55%, less 
than [ Si: 1.2% ], Mn:0.3-2.0%, nickel: 0.3-2.0%, Cr: 1.0-4.0% and Mo:0.2-3.0%, and W:0.4 - 6.0% of 
one sort, or two sorts or more (Mo and W) 1/2 W+Mo:0.2-3.0% is contained. Further V:0.05 - 0.7%, 
Contain one Nb:0.01-0.15% sort or two sorts or more, and ingot which consists of the remainder Fe and 
an unescapable impurity, or tool steel between the heat made from powder is used as a metal mold base 
material. Clad metal mold for hot pressing characterized by clad-izing these engraving facing and a base 
material by HIP (hot isotropic press), and using it in the condition [ having carried out HIP processing ]. 
[0006] The part used as the die face of metal mold is used as a cobalt base alloy or a nickel radical alloy. 
(2) By weight % C:0.1 - 0.55%, less than [ Si: 1.2% ], Mn:0.3-2.0%, nickel: 0.3-2.0%, Cr: 1.0-4.0% and 
Mo:0.2-3.0%, W:0.4 - 6.0%, or two sorts or more (Mo and W) 1/2 W+Mo:0.2-3.0% is contamed. 
Further One sort or two sorts or more (V:0.05 - 0.7%, and Nb:0.01-0.15%), Contain Co:0.2-3.0% and 
ingot which consists of the remainder Fe and an unescapable impurity, or tool steel between the heat 
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made from powder is used as a metal mold base material Clad metal mold for hot pressing characterized 
by xising this in the condition [ that clad-ize a engraving facing and a base material by HIP (hot isotropic 
press), and they have carried out HIP processing ]. 

[0007] (3) In case the clad of the engraving facing and base material of a publication is carried out to the 
above (1) or (2), be in the manufacture approach of the clad metal mold for hot pressing which a 
engraving facing carries out to the surface part of metal mold, i.e., the part in which damage by wear is 
equivalent to an intense part, and is characterized by designing the thickness of a engraving facing so 
that the interior, i.e., the crevice of metal mold, may serve as a base material part from it. 
[0008] 

[Embodiment of the Invention] Hereafter, the reason for limitation of the various components of the 
metal mold base material in this invention is explained. 

It is an element required in order for C:0.1 - 0.55%C to be hardenability and an element required for 
maintenance of hardness at high temperature, and to combine with Cr, V, Mo, W, Nb, etc., to form 
carbide and to obtain hardness, the detailed-ized effectiveness of crystal grain, abrasion resistance, etc. 
Since will imitate a deposit of too much carbide, will come, toughness will be degraded, it will become 
the hardness which exceeds HRC45 after heating-at-high-temperature-annealing by HIP fiirther and 
machining of cutting etc. will become difficult if minimum hardness is not obtained as metal mold as it 
is less than 0.1%, and it exceeds 0.55%, use with the HIP processing which is the description of this 
invention is attained. Therefore, the component range of C was made into 0.1 - 0.55%. 
[0009] Si: While Si dissolved in the matrix 1.2% or less and raising matrix reinforcement, there was 
effectiveness of deoxidation, but since toughness would deteriorate if it adds exceeding 1.2%, the 
addition was made into 1 .2% or less. 

Mn: Although it was an element required in order for Mn to raise hardenability 0.3 to 2.0% and to obtain 
hardness required for a metal mold base material, since the effectiveness would be saturated if there is 
little the effectiveness that it is less than 0.3% and it exceeds 2.0%, Mn could be 0.3 - 2.0%. 
[0010] Cr: 1.0-4.0%Cr is an element which combines with C, forms hard carbide and is contributed to 
abrasion resistance while raising hardenability. If the above-mentioned effectiveness is not acquired as it 
is less than 1.0%, but it exceeds 4.0%, it will become the hardness which exceeds HRC45 after heating- 
at-high-temperature-annealing, and use with HIP processing will become mipossible. Therefore, Cr 
could be 1.0-4.0%. 

V:0.05 - 0.7%V is an element which forms the carbide which cannot dissolve easily and raises abrasion 
resistance and softening resistance-proof Since toughness fell when at least 0.05% is required and added 
exceeding 0.7% in order to obtain wear-resistant improvement, V could be 0.05 - 0.7%. 
[001 1] Nb: 0.01-0.15%Nb is added in order to raise toughness. Although Nb forms stable carbide and 
big and rough-ization of crystal grain is prevented, at less than 0.01%, the effectiveness does not show 
up, but if it exceeds 0.15%, the fall of the softening resistance at the time of temper and degradation of 
toughness will be brought about. Therefore, the component range of Nb was made into 0.01 - 0.15%. 
nickel: Although 0.3 - 2.0%nickel was an element which raises the toughness of the matrix itself and at 
least 0.3% was required, if it added exceeding 2.0%, since the effectiveness would be saturated, nickel 
was made into 0.3 - 2.0%. 

[0012] Co: 0.2-3.0%Co controls carbide condensation big and rough-ization in an elevated temperature, 
and is an element especially effective in the product made from softening-proof resistance. Since 
toughness would fall if it is required at least 0,2% and adds exceeding 3.0% in order to acquire such 
effectiveness, Co could be 0.2 - 3.0%. 

Mo: 0.2-3.0% and W:0.4 - 6.0% of one sort, or two sorts (in the cases of two sorts l/2W+Mo: 0.2 - 
3.0%) 

Mo and W are elements which both form detailed carbide and improve abrasion resistance and softening 
resistance-proof. W is the 2 double need for Mo that the Mo of the effectiveness is twice as stronger as 
W, and it acquires the same effectiveness. Since both elements degraded toughness and heat-check- 
proof nature when it added not much mostly, they are Mo equivalent (1/2 W+Mo), and made the upper 
limit 3%. Moreover, in order to acquire the above-mentioned effectiveness, 0.2% is required of Mo 
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equivalent at least. Therefore, Mo equivalent (1/2 W+Mo) was made into 0.2 - 3.0%. 
[0013] Hereafter, the clad metal mold for hot pressing in this invention and its manufacture approach are 
explained. Drawing 1 is drawing showing the approach for carrying out diffused junction of Ae ingot or 
the tool steel made from powder used as the base material of the metal mold of this invention, and a 
cobalt base alloy or a nickel radical alloy excellent in the elevated-temperature-proof softening 
resistance and abrasion resistance used as a engraving facing by HIP, and 3 is a can for HIP with a mild 
steel plate in this drawing. 1 is the ingot or the tool steel made from powder which constitutes the base 
material of metal mold, installs the ingot of two sheets, or the tool steel 1 made from powder in the can 3 
for HIP, and is filled up with a cobah base alloy or the nickel radical alloy powder material 2 between 
them. 

[0014] When it divides by the final process at this time, the clearance between the width of face filled up 
with the powder material 2, i.e., the ingot of two sheets, and the tool steel 1 made from powder is 
installed so that a engraving facing may carry out considerable only to the part to which damage by wear 
becomes intense. After restoration, after carrying out a vacuum heat deairing from the degassing can 4, 
the degassing tubing 4 is stopped and heating pressurization is carried out by HIP. HIP is performed on 
1000-1200-degree C conditions whenever [ pressurization 1000 - 2000 kg£^cm2, and stoving 
temperature ], and cools slowly after that. After HIP processing, ebumation of the powder material 2 is 
fully carried out, and diffused junction is carried out to an ingot or the tool steel 1 made from powder. 
Then, machining removes the can 3 for HIP. 

[0015] Drawing 2 shows the condition of having removed the can 3 for HIP, after HIP processing, the 
hot pressing which clad-ized the cobalt base alloy or the nickel radical alloy which used the base 
material as shows the central part of the powder material in drawing to drawing 3 by cutting by the 
electron discharge method as an ingot or the tool steel made from powder, and was excellent in elevated- 
temperature-proof softening resistance and abrasion resistance at the die-face side - public fimds — two 
molds are manufactured, by the electron discharge method or cutting, diesinking is performed on the 
front face of a cobalt base alloy or the nickel radical alloy powder material 2, and forging is presented on 
it. 

[0016] 

[Example] Hereafter, an example is given and the description of this invention is explained. The 
chemical entity of sample offering metal mold is shown in Table 1 . By the manufacture approach in this 
invention, the invention metal mold A uses the ingot material of the tool steel between heat for Stellite 
No6 and the base material which are one of the cobalt base alloys, and is manufactured by the die face. 
Moreover, the comparison metal mold B is not clad metal mold but the ingot tool steel SKD61 of a 
simple substance which carried out quenching and tempering, and is tool steel conventionally used for 
hot pressing metal mold. Although Table 2 shows the hardness after HIP processing of the invention 
metal mold A, this invention metal mold is 38 or more sufficient HRC(s) for the hardness of a HIP as to 
use it as hot pressing metal mold, and cutting in diesinking has obtained 45 or less HRC which can be 
performed easily from this table. 
[0017] 
[Table 1] 
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[0019] Below, the elevated-temperature softening property about a powder material part and the 
comparison metal mold B which becomes drawing 4 with the die face of the invention metal mold A of 
a condition as [ HIP ] is shown. In a trial, a 5mmx5mmx20mm test piece is extracted from each part. 
When 600 degrees C measured and estimates each hardness when carrying out after [ time amount 
maintenance ] air cooling, Stellite No6 which is the die face of the invention metal mold A Even if there 
is no hardness fall after maintenance of 300 hours, it is clearer than the comparison metal mold B that 
elevated-temperature-proof softening resistance is excellent and a metal mold front face uses the 
invention metal mold A for the hot pressing metal mold by which temperature up heating is carried out 
at 600 degrees C or more It is clear that the permanent set in fatigue of a mold face by elevated- 
temperature softening and damage by wear are conventionally controlled as compared with metal mold. 
[0020] Moreover, although it is the result of drawing 5's extracting the piece of a JIS No. 3 Charpy test 
from the base material of the invention metal mold A, and each part grade of the comparison metal mold 
B (SKD61), and performing an impact test, the toughness of the base material tool steel of the invention 
metal mold A is more than equivalent [ of the toughness of SKD61 which is comparison metal mold ] 
also in which test temperature, and has toughness sufficient as toughness of a metal mold base material. 
[0021] Thus, the crevice of metal mold can control the large crack from the crevice of metal mold, in 
order to design the thickness of a engraving facing so that it may become the base material part which 
has suflTicient toughness after heating-at-high-temperature-annealing by HIP, and a cobalt base alloy or a 
nickel radical alloy excellent in the elevated-temperature-proof softening resistance and abrasion 
resistance used for the engraving facing in this invention can expect the fiirther improvement in a life. 
Thus, the improvement of the improvement in a life is made by this inventions' differing as compared 
with the conventional approach in that the component design of base material tool steel is made in the 
condition of a HIP processing as so that it may be usable, and designing the thickness of a engraving 
facing. 
[0022] 

[Effect of the Invention] the hot pressing which was very excellent in economical efficiency with this 
invention from both viewpoints of the improvement in a mold life, and metal mold production costs 
reduction as stated above - public fimds - it is possible to offer the manufacture approach of a mold. 
Moreover, like the invention metal mold carried in the example, by performing a material selection well, 
it is possible to manufacture the hot pressing metal mold which hardening temper etc. is not heat-treated 
but can be used as [ HIP ] after HIP processing, and the fiarther reduction of metal mold manufacture 
costs and short time-for-delivery-ization of a die face and a base material are attained by skipping a heat 
treatment process. 
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